Purpose-To describe the risk of cutaneous melanoma in the Agricultural Health Study (AHS), a cohort of pesticide applicators and their spouses, according to baseline characteristics related to obesity along with sun exposure, and sun sensitivity.
INTRODUCTION
Cutaneous melanoma has consistently been associated with intermittent sun exposure such as sunburns or sunny vacations. 1,2 Occupational exposure to the sun tends to be of a chronic nature and its relationship to the development of cutaneous melanoma is not as clear. [2] [3] [4] [5] [6] It is unclear if the conflicting associations may be due to uncontrolled confounding by skin sensitivity to the sun (fair skin color, light eye and hair color, or a tendency to burn easily).
Armstrong 1 suggested that the relationship is complex and may be best described by an inverse U-shaped curve for chronic sun exposure theoretically due to different rates of melanoma in untanned individuals and those who develop and maintain a tan.
While sun exposure and sun sensitivity are fairly well understood as related to melanoma, the relationship of skin surface area is less well understood. Melanoma studies have looked at weight or body mass index (BMI) calculated from weight and height, primarily as a measure of obesity. However, for melanoma such associations may be related to obesity or may be related to a larger skin surface area representing more skin cells that can convert to cancer. Thus, body surface area (BSA), also based on weight and height, may be more useful in quantifying melanoma risk than either weight alone or BMI. Either way, a better understanding of the association between melanoma and obesity will help in designing prevention efforts.
We conducted a study within an existing cohort of pesticide applicators (typically farmers) and their spouses in Iowa and North Carolina. The study objective was to describe the risk of cutaneous melanoma among pesticide applicators and their spouses according to baseline characteristics related to obesity, sun exposure, and sun sensitivity.
MATERIALS AND METHODS
The Agricultural Health Study is a prospective cohort study of private applicators and commercial applicators licensed to apply restricted use pesticides in Iowa and North Carolina, along with the spouses of private applicators. 7 Among the applicators, 95% are private applicators or farmers. Less than 2% are non-white. Private applicators are typically farmers, while "commercial" applicators are employed by pest control companies or businesses that use pesticides.
In Iowa and North Carolina, individuals who want to apply restricted-use pesticides must undergo training or testing every few years to become licensed to purchase restricted-use pesticides. 7 Pesticide applicators were enrolled in the Agricultural Health Study when they voluntarily completed an Enrollment Questionnaire in conjunction with seeking training or testing for pesticide applicator licensure. Private and commercial applicators were also asked to complete a "take-home" Applicator Questionnaire that sought more extensive information on occupational activities. Their spouses were asked to complete a Spouse Questionnaire (all questionnaires are at http://www.aghealth.org/questionnaires.html). Enrollment of applicators and their spouses began in December 1993 and continued until December 1997.
The take-home Applicator Questionnaire and the Spouse Questionnaire included information on height and weight, hours in the sun during the growing season, type of sun protection, eye color, natural hair color, and tendency to burn. Tendency to sunburn was defined as the skin's reaction the first time in strong sunlight for more than one hour each year. Skin phototype was not measured. Height and weight were self-reported by participants at enrollment along with reporting their weight at 20 years of age. BMI was calculated as weight (in kilograms) divided by height (in meters) squared. BSA was calculated using Mosteller's formula (square-root of height times weight in meters and kilograms, respectively). 8 The take-home Applicator Questionnaire and Spouse Questionnaire were completed by 25,290 applicators and 32,347 spouses. Height and/or weight data were missing for 3,143 applicators and 10,289 spouses. Extreme outliers suggested some subjects who may have miss-checked their height or weight, producing a BMI < 15 (unlikely except in hospitalized anorexia patients). Thus, we excluded 119 subjects from analyses: 27 with height over 7′, 63 with height under 4′8″ (most under 4′) and 29 additional subjects with a BMI < 15. Analyses were restricted to 22,101 applicators and 21,985 spouses with data on height and weight from AHS data release P1REL0506.02. No difference in percentage of melanoma cases was seen between those included in this report and those excluded (chi square p=0.94).
Follow-up
Cohort members were matched to statewide cancer registry files in Iowa and North Carolina for case identification and to the state death registries and the National Death Index to ascertain vital status. The average follow-up time was 8.2 years. Study subjects alive but no longer residing in Iowa or North Carolina were identified through personal contacts with the study subject, motor vehicle records, pesticide registration records, and an Internal Revenue Service address database. Less than 2% (n=827) of applicators have moved out of either state.
Analyses-Descriptive statistics were used to compare overall cutaneous melanoma cases to this sub-cohort. Odds ratios (ORs) and 95 percent confidence intervals (CIs) were derived from unconditional multiple logistic regression. We examined the independent effect of obesity measured via weight, BMI, and BSA. We report both crude and adjusted associations between melanoma and measures of sun sensitivity (tendency to burn, hair color, and eye color), since debate remains regarding adjusting host factors. Other risk factors examined included sun protection while in the sun during the growing season, self-reported personal history of skin cancer, family history of skin cancer, and hours per day spent in the sun during the growing season at enrollment and 10 years prior to enrollment. Other items examined as potential measures of sun exposure in this group included years living on a farm, summer and winter hours per week spent exercising during leisure time, number of acres planted along with whether or not they planted crops, handpicked crops, tilled the soil or used a tractor with an enclosed cab. We examined each of these factors adjusted for the important confounders described as follows, but only report estimates adjusted for the factors that actually confounded the associations. Confounding by age, gender, tendency to burn, red hair color, personal or family history of skin cancer, hours in the sun (at enrollment and 10 years prior), sunscreen use, and sun protection use (sunscreen, a hat with a brim, or long sleeved shirt) was examined. Confounding was determined to be present by changes of 15% or more in the OR of interest after adjustment for a potential confounder. While a parsimonious model increases the precision of estimates, ORs more fully adjusted for factors confounding other items presented in tables were similar to individually adjusted ORs without appreciable loss of precision, thus the more fully adjusted ORs are presented in the tables. However, this is not true if all factors examined in any analyses were included in the models, so saturated models are not presented.
Trend p values are reported for ordered categorical variables. Trend ORs and 95 percent CIs comparing the highest category with the reference category are also presented. The trend OR fits a line to the β coefficients for each category, assuming an equal increase in the log (OR) for each category level. If a linear model did not fit, then a quadratic model was examined to determine the strength of the curvilinear model (inverse U-shaped in these data). Such estimates were compared to estimates using dummy variables. If similar, then the unconfined estimates based on dummy variables are presented for easier interpretation.
RESULTS
Among those completing the take-home or spouse questionnaire, 168 cases of cutaneous melanoma were reported after enrollment through December 31, 2003. Table 1 compares cutaneous melanoma characteristics in the overall enrolled cohort (N=89,658) to subjects included in this report (N=44,086). Similar distributions by histological type and location on the body were seen between subjects examined in this report and the entire cohort. Table 2 compares cutaneous melanoma cases and non-cases by various demographic factors. Melanoma cases tended to be older and male. Other factors including ethnicity (white vs. nonwhite), state of residence (Iowa, North Carolina), education, and marital status did not vary by case status. Commercial applicators did not differ significantly from private applicators in melanoma risk, nor did spouses after adjustment for age and sex.
The relationships between cutaneous melanoma and sun sensitivity and sun exposure in this population are described in Table 3 . Among these applicators and their spouses, the strongest sun sensitivity factors related to melanoma were having red hair and tendency to burn (only marginally significant). Use of sun protection showed an increased risk of melanoma, however, this association was reduced after adjustment for age, gender, tendency to burn and hair color. An inverse U-shaped trend (p=0.003 for the quadratic model) was seen across categories of hours per day of sun exposure at enrollment (Table 3) . When the highest category, more than 10 hours per day, was compared to 10 hours or less (all other categories), the apparent protective association with cutaneous melanoma strengthened (OR=0.32; 95% CI=0.13-0.77). However, these data are based on a limited number of cases. Among applicators, a crude association was seen with categorical data for years lived or worked on a farm (over 30 years vs. 30 years or less) and melanoma (OR=2.80; 95% CI=1.50-5.22), but this association reduced after adjustment for age (OR=1.71; 95% CI=0.90-3.25). For spouses, years living or working on a farm was measured continuously and the risk of melanoma increased with increasing number of decades on a farm with a significant risk for over 60 years (compared to under 60 years) even after adjustment for age (OR=2.19; 95% CI=1. 15-4.17) . No associations were seen for other variables that might be related to sun exposure or with self-reported family history of skin cancer. Skin cancer prior to AHS enrollment did not confound any of the associations reported here. Table 4 describes the relationship between cutaneous melanoma and weight at enrollment (1994) (1995) (1996) (1997) and at age 20, along with BMI and BSA based on these two reported weights and heights. Height alone was not associated with risk of melanoma. The data suggest an increased risk with increased weight at age 20. No association was seen with BMI at enrollment, however, risk increased with increasing BMI at age 20. The associations with BSA were stronger. Cutaneous melanoma was significantly associated with BSA at age 20, with some evidence for an association at enrollment.
DISCUSSION
Our data, among pesticide applicators and their spouses in Iowa and North Carolina, support an association between melanoma and increased BSA and BMI at age 20. There is a marginal risk of melanoma seen with BSA at enrollment. The stronger association with BSA at age 20 may reflect a latency period needed for development of melanoma. Obesity is difficult to quantify based on weight alone. BMI is a measure that attempts to adjust an individual's weight for their height, whereas BSA attempts to estimate the skin surface area of an individual based on their height and weight. Since both measures are based on height and weight, they are two different mathematical representations of the same data. However, they are conceptually different. BMI is more commonly reported, however, BSA is conceptually more important for skin cancer since the association with melanoma could be related to obesity or may be related to a larger skin surface area with more skin cells and consequently a greater opportunity for skin cancer development. Thus we reported both. BSA and BMI based on recalled weight at age 20, each showed an increased risk of cutaneous melanoma as they increased, suggesting a latency affect. These associations increased after adjustment for confounding factors (age, gender, and tendency to burn). We also found a suggested association with BSA at enrollment but not BMI. However, our data are limited since height and weight are recalled, not measured. A case-control study of Italian women found an increased risk of melanoma with increasing BMI and with BSA >1.7 after adjustment, suggesting that BSA is independent of nevi. 9 However, nevi are typically considered to be precursor lesions to cutaneous melanoma, thus adjustment for nevi would dilute the real association. Thus while we could not adjust for number of nevi in our study, we believe that such adjustment is inappropriate. Other studies reporting on anthropometric associations have varied with reports of an increased risk of melanoma with increased BMI, 10 increased BSA, 11 increased BSA but not BMI, 12,13 increased with both BMI and BSA, 14 while another study found no association. 15 Our data support some of these prior reports, showing an association with BSA particularly at age 20 among this cohort of agricultural workers and their spouses. Whether this risk is related to "fat" or a larger surface area for skin lesions to develop, it is related to obesity. Thus efforts to reduce obesity may assist skin cancer prevention efforts.
Our data also support prior studies that have shown cutaneous melanoma risk to increase with a tendency to sunburn, 12,16-22 and natural red hair color, 11,12,16-20,23,24 and with age 12,23,24 along with increased melanoma rates among males. 25 Although this population is predominant white (98%), only 29% of the cohort reported experiencing a severe or painful sunburn when first exposed to the sun in the summer. Among these applicators and their spouses, tendency to burn and having red hair are good markers of sun sensitivity showing an increased risk of cutaneous melanoma. As with several other populations in the United States 23,26-28 and Canada, 29 eye color does not appear to be a good marker of melanoma risk. There was some evidence of an inverse U-shaped association between hours in the sun and melanoma, with a protective risk at the highest level of exposure.
While our data are limited, we saw an inverse U-shaped risk of cutaneous melanoma among farmers and their spouses with four categories of hours per day in the sun during the growing season. Armstrong 1 suggested a peak in melanoma incidence produced by intermittent intense sun exposure of untanned skin, followed by a fall in incidence presumed to be due to the development and maintenance of a protective tan. However, few studies have shown supporting evidence of this theoretical model. Prior studies have had conflicting reports about chronic sun exposure and risk of melanoma. 21,30-32 While some of these studies adjusted for confounding by sun sensitivity, those working long hours outdoors may be more likely to be less sensitive to the sun reducing their risk of melanoma based on their darker complexion (as Armstrong suggests). Among our farmers and their spouses, we saw an inverse U-shaped association with melanoma. This may reflect both intermittent sun exposure mainly among spouses and more chronic exposure among applicators creating a complex relationship with melanoma as described by Armstrong. 1 One other study found an inverse U-shaped association with estimated occupational hours of sun exposure, 33 while several others found no clear association. 34-37 An increased risk of melanoma was seen in two studies that adjusted for skin color and skin type, 38,39 however, no clear association was seen for hours working outdoors in the summer as an adult adjusted for age, gender and skin type in another study 30 or cumulative occupational sun exposure adjusted for burn reaction to the sun in males. 40
Long-term cumulative sun exposure is believed to induce lentigo maligna (LM), a specific histological type of melanoma as seen with high rates in places like Australia. 41 The distribution of histological types of cutaneous melanomas in our study found 46% of in-situ cases to be lentigo maligna compared to 7% of malignant cases. This is slightly higher than the 35% of in-situ cases reported as lentigo maligna in the national SEER data but similar to the 48% seen in SEER data restricted to Iowa. 42 Compared to other studies with cases diagnosed prior to 1990, 31,43-45 we found a higher percentage of melanomas of the head (33%). Analyses of risk factors for lentigo maligna and cutaneous melanomas of the head showed similar or stronger associations compared with all melanomas for tendency to burn and for natural red hair color. However, as expected they were more common after age 50 and increased with 3+ hours per day in the sun during growing season at enrollment and 10 years prior. These data are not presented due to the small number of cases (38 lentigo malignas and 52 cutaneous melanomas of the head).
This population has several strengths. Overall the Agricultural Health Study has had high participation rates. Although it had a longer enrollment questionnaire (17 pages) than the British Doctors Study, the Nurse's health Study, the Lutheran Brotherhood Study or the Radiologic technologist Study, the Agricultural Health Study had a higher enrollment rate than any of these studies. 46 Previous analyses have shown that Agricultural Health Study applicators completing the take-home questionnaire were similar to those who only completed the enrollment questionnaire with the exception that those completing the take-home questionnaire tended to be older. 46 Little or no difference was seen by years of education, marital status, smoking status, frequency of alcohol consumption, or previous disease diagnoses. Only minor differences in a few cell frequencies were seen by various farming activities. The lack of evidence for selection bias is reassuring. This suggests restricting applicators to those completing the take-home questionnaire (sun sensitivity, sun exposure, height and weight) is unlikely to bias exposure estimates. A comparison of the incident cutaneous melanoma cases seen in the overall cohort compared to the take-home questionnaire showed similar distributions by histological site and body site. Additionally in sub-analyses, we found ORs similar to other studies for known sun sensitivity risk factors for melanoma.
Conclusions
These data support an association between obesity at age 20 and melanoma and also support prior associations between melanoma and sun sensitivity factors. While height and weight data were only available on the sub-cohort who completed the take-home questionnaires, comparisons between subjects included in these analyses and the overall cohort (described above) suggest that the results we present are not biased by who completed the take-home questionnaire. Relevant to public health, we observed that obesity at a young age increases the risk of cutaneous melanoma later in life, and our data suggest the development of cutaneous melanoma may not be effected by changing lifestyles later in life. The need for obesity prevention programs directed at youth may be critical to reduce a number of health concerns including cutaneous melanoma. OR= odds ratio; CI=confidence interval; BMI=body mass index; BSA= body surface area * Analyses are restricted to applicators returning the take home questionnaire and spouses returning the mailed spouse questionnaire and those who provided information on height and weight at study enrollment 1993-97 (n=44,086) † BMI= body mass index, measured as weight over height (at enrollment) squared in kg/m 2 , where a BMI > 25 is considered overweight and a BMI >27 is considered obese. ‡ BSA= body surface area, measured as square-root of height in meters (at enrollment) times weight in kilograms § Adjusted for age at enrollment, gender, and tendency to burn
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